Nano Roughness by Moore, Tamara J.
Purdue University
Purdue e-Pubs





Follow this and additional works at: http://docs.lib.purdue.edu/enewp
Part of the Engineering Education Commons
This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.
Recommended Citation
Moore, Tamara J., "Nano Roughness" (2016). School of Engineering Education Working Papers. Paper 2.
http://docs.lib.purdue.edu/enewp/2
 © 2008 University of Minnesota                   Paper Airplane Model-Eliciting Activity   1 
 
Topic 
Microscopy, Roughness Measurement, 




How do you measure roughness of the 
Atomic Force Microscopy images of the 




 Use numeric and visual data to 
create a reasonable measurement 
scheme  
 Consider how to use and exclude 
data  
 Work in dissimilar measurement 
scales, convert between scales 
 Modify an existing procedure or 
create a new procedure for 
quantifying roughness of nano-scale 
images  
 Make decisions about whether or not 
a solution meets the needs of a client 
 Communicate the solution clearly to 
the client 
 
Guiding Documents  
This activity has the potential to address these 
and other ABET engineering standards, as well 
as address math and science principles. 
 
ABET Standards, Criterion 3, 
Outcomes:  
(a) an ability to apply knowledge of 
mathematics, science, and engineering  
(b) an ability to design and conduct 
experiments, as well as to analyze and 
interpret data  
(c) an ability to design a system, 
component, or process to meet desired 
needs within realistic  
constraints such as economic, 
environmental, social, political, ethical, 
health and safety,  
manufacturability, and sustainability  
(d) an ability to function on 
multidisciplinary teams  
(e) an ability to identify, formulate, and 
solve engineering problems  
(f) an understanding of professional 
and ethical responsibility  
(g) an ability to communicate 
effectively  
(h) the broad education necessary to 
understand the impact of engineering 
solutions in a global,  
economic, environmental, and societal 
context  
(i) a recognition of the need for, and an 
ability to engage in life-long learning  
(j) a knowledge of contemporary issues  
(k) an ability to use the techniques, 
skills, and modern engineering tools 
necessary for  
engineering practice. 
 
Recommended supplies for all 
MEAs 
It is recommended to have all of these supplies 
in a central location in the room.  It is 
recommended to let the students know that they 
are available, but not to encourage them to use 
anything in particular. 
 
 Rulers   
 Calculators 
 Whiteboards, posterboards, or other 
presentation tools 
 Optional: Computers with programs 
such as Microsoft Word and Excel 
 
What are Model Eliciting Activities 
(MEAs)? 
Model-Eliciting Activities are problem 
activities explicitly designed to help 
students develop conceptual 
foundations for deeper and higher order 
ideas in mathematics, science, 
engineering, and other disciplines. Each 
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task asks students to mathematically 
interpret a complex real-world situation 
and requires the formation of a 
mathematical description, procedure, or 
method for the purpose of making a 
decision for a realistic client. Because 
teams of students are producing a 
description, procedure, or method 
(instead of a one-word or one-number 
answer), students’ solutions to the task 
reveal explicitly how they are thinking 
about the given situation. 
 
The Nano Roughness MEA 
consists of four components:    
1) Background Reading (Pre-
Reading): Students individually read 
the newspaper article to become 
familiar with the atomic force 
microscope of the problem. This is often 
assigned as out-of-class reading. This 
handout is on pages 13-14. 
2) Nano Roughness Individual 
Activities: Students individually read 
the company profile and answer the 
reading comprehension and probing 
questions about the background reading 
to become even more familiar with the 
context and beginning thinking about 
the problem. This handout is on pages 5-
9. 
3) Nano Roughness Team Activity: 
In teams of three or four, students work 
on the problem statement for 
approximately 45 - 75 minutes. The time 
range depends on the amount of self-
reflection and revision you want the 
students to do. It can be shorter if you 
are looking for students’ first thoughts, 
and can be longer if you expect a 
polished solution and well-written 
letter. The handouts are on pages 10-12.  
4) Process of sharing solutions: 
Each team writes their solution in a 
letter or memo to the client. Then, each 
team presents their solution to the class. 
Whole class discussion is intermingled 
with these presentations to discuss the 
different solutions, the mathematics 
involved, and the effectiveness of the 
different solutions in meeting the needs 
of the client.    
In totality, each case study takes 
approximately 3-5 class periods to 
implement, but can be shortened by 
having students do the individual work 
during out-of-class time. The 
Presentation Form can be useful and is 
explained on page 4 and found on page 
16. 
 
Recommended Progression of the 
MEA 
Preparation activity: I 
Background Reading and Individual 
Activities: The purpose of the 
background reading and the individual 
activities is to introduce the students to 
the context of the problem. Depending 
on your instructional purposes, you may 
want to use a more teacher-directed 
format or a more student-directed 
format for going through the 
background reading and the questions. 
Some possibilities include: 
a. More teacher-directed (½ hour): 
Read the article to the students and 
give them class time to complete the 
readiness questions individually. 
Then, discuss as a class the answers 
to the readiness questions before 
beginning work on the problem 
statement. This approach also works 
well when you can team with a 
language arts teacher, and they can 
go through the article in their class. 
   
b. More student-directed (10 
minutes): Give the article and the 
questions to the students the day 
before for homework. If you wish, 
you may provide some class time for 
the students to complete the article 
and questions. Then, on the day of 
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the case study, discuss as a class the 
answers to the readiness questions 
before beginning work on the 
problem statement.    
c. More student-directed (10-15 
minutes): Give the article and the 
questions to the students in their 
teams right before the students 
begin working on the problem 
statement. The students answer the 
questions as a team and then 
proceed to work on the problem 
statement.      
 
Working on the Problem Statement (45-
90 minutes): Place the students in 
teams of three or four. If you already use 
teams in your classroom, it is best if you 
continue with these same teams since 
results for MEAs are better when the 
students have already developed a 
working relationship with their team 
members. If you do not use teams in 
your classroom and classroom 
management is an issue, the teacher 
may form the teams. If classroom 
management is not an issue, the 
students may form their own teams. You 
may want to have the students choose a 
name for their team to promote unity. 
Encourage (but don’t require or assign) 
the students to select roles such as 
timer, collector of supplies, writer of 
letter, etc. Remind the students that 
they should share the work of solving 
the problem. Present the students with 
the problem statement. Depending on 
the students’ grade level and previous 
experience with MEAs, you may want to 
read the problem statement to the 
students and then identify as a class: a) 
the client that the students are 
working for, b) the product that the 
students are being asked to 
produce, and c) the user of the 
product. Once you have addressed the 
points above, allow the students to work 
on the problem statement.  
  
Teachers’ role: As they work, your 
role should be one of a facilitator and 
observer. Avoid questions or 
comments that steer the students 
toward a particular solution. Try to 
answer their questions with 
questions so that the student teams 
figure out their own issues. Also 
during this time, try to get a sense of 
how the students are solving the 
problem so that you can ask them 
questions about their solutions 
during their presentations.    
 
Presentations of Solutions (30-45 
minutes):   The teams present their 
solutions to the class.  There are several 
options of how you do this.  Doing this 
electronically or assigning students to 
give feedback as out-of-class work can 
lessen the time spent on presentations. 
If you choose to do this in class, which 
offers the chance for the richest 
discussions, the following are 
recommendations for implementation. 
Each presentation typically takes 3 – 5 
minutes. You may want to limit the 
number of presentations to five or six or 
limit the number of presentations to the 
number of original (or significantly 
different) solutions to the MEA.  
 
Before beginning the presentations, 
encourage the other students to not only 
listen to the other teams’ presentations 
but also to a) try to understand the 
other teams’ solutions and b) consider 
how well these other solutions meet the 
needs of the client. You may want to 
offer points to students that ask ‘good’ 
questions of the other teams, or you may 
want students to complete a reflection 
page (explanation – page 4, form – page 
17) in which they explain how they 
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would revise their solution after hearing 
about the other solutions.   As students 
offer their presentations and ask 
questions, whole class discussions 
should be intermixed with the 
presentations in order to address 
conflicts or differences in solutions. 
When the presentations are over, collect 
the student teams’ memos/letters, 
presentation overheads, and any other 
work you would like to look over or 
assess. 
 
Assessment of Students’ Work 
You can decide if you wish to evaluate 
the students’ work. If you decide to do 
so, you may find the following 
Assessment Guide Rubric helpful:    
 
Performance Level Effectiveness: Does 
the solution meet the client’s needs?    
Requires redirection: The product is on 
the wrong track. Working longer or 
harder with this approach will not work. 
The students may need additional 
feedback from the teacher.    
 
Requires major extensions or 
refinements: The product is a good start 
toward meeting the client’s needs, but a 
lot more work is needed to respond to all 
of the issues.  
 
Requires only minor editing: The 
product is nearly ready for the client to 
use. It still needs a few small 
modifications, additions, or 
refinements.  
Useful for this specific situation: No 
changes are necessary to meet the 
client’s immediate needs.  
 
Share-able or re-usable: The tool not 
only works for the immediate solution, 
but it would be easy for others to modify 
and use in similar situations. OR The 
solution goes above and beyond meeting 
the immediate needs of the client. 
 
Note: If you use this Assessment Guide 
Rubric for grading purposes, please keep in 
mind that a performance level of “requires 
only minor editing” or higher indicates a 
satisfactory solution. For example, you may 
want to assign a grade of B for “requires only 
minor editing”, while assigning an A for the 
next two higher levels. If you give a written 
score or letter grade after assessing the 
students’ work, we encourage you to provide 
the students with an explanation (i.e. 
written comments) as to why they received 
that score and/or how their solution could 
be improved. In particular, we found it 
helpful to phrase the feedback as if it was 
coming from the client of the problem. So 
for example, in the nano-roughness 
problem, the client is a company that wishes 
to develop a way to quantify roughness for 
new biomedical devices, and feedback to the 
students could include statements such as 
the following: 
"We understand how you would judge the 
roughness of the images in this sample, but 
we need more information from you about 
how we are going to apply your procedure 
when the images are different and have 
different attributes." 
 
Implementing an MEA with 
Students for the First Time 
You may want to let students know the 
following about MEAs:    
 MEAs are longer problems; there are 
no immediate answers. Instead, 
students should expect to work on 
the problem and gradually revise 
their solution over a period of 45 
minutes to an hour. 
 MEAs often have more than one 
solution or one way of thinking 
about the problem. 
 Let the students know ahead of time 
that they will be presenting their 
solutions to the class. Tell them to 
prepare for a 3-5 minute 
presentation, and that they may use 
overhead transparencies or other 
visuals during their presentation. 
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 Let the students know that you won’t 
be answering questions such as “Is 
this the right way to do it?” or “Are 
we done yet?” You can tell them that 
you will answer clarification 
questions, but that you will not guide 
them through the MEA. 
 Remind students to make sure that 
they have returned to the problem 
statement to verify that they have 
fully answered the question. 
 If students struggle with writing the 
letter, encourage them to read the 
letter out loud to each other. This 
usually helps them identify 
omissions and errors. 
 
Observing Students as They Work 
on the Nano-Roughness MEA   
You may find the Observation Form 
(page 15) useful for making notes about 
one or more of your teams of students as 
they work on the MEA. We have found 
that the form could be filled out “real-
time” as you observe the students 
working or sometime shortly after you 
observe the students. The form can be 
used to record observations about what 
concepts the students are using, how 
they are interacting as a team, how they 
are organizing the data, what tools they 
use, what revisions to their solutions 
they may make, and any other 
miscellaneous comments. 
 
Presentation Form   (Optional) 
As the teams of students present their 
solutions to the class, you may find it 
helpful to have each student complete 
the presentation form on page 16. This 
form asks students to evaluate and 
provide feedback about the solutions of 
at least two teams. It also asks students 
to consider how they would revise their 
own solution to the Paper Airplane MEA 





You may find the Student Reflection 
Form (page 17) useful for concluding the 
MEA with the students. The form is a 
debriefing tool, and it asks students to 
consider the concepts that they used in 
solving the MEA and to consider how 
they would revise their previous 
solution after hearing of all the different 
solutions presented by the various 
teams. Students typically fill out this 
form after the team presentations. 
Sometimes students find question #2 
confusing, so using this question is 
optional.
  
Model-Eliciting Activity - Part A 
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Company Profile – Liguore Laboratories 
Liguore Laboratories is an up-and-coming technology company founded in 1996 to develop 
materials that improve performance and extend the life of coated orthopedic and biomedical 
implants. The materials are called nanostructured materials because they are so small that 
it is necessary to use a very high powered microscope to view images of them.   The coating 
of orthopedic implants, such as joint replacement, is done in order to either increase the life 
of the implant materials or provide an implant surface that is more compatible with the 
human body in order to decrease the chance of rejection.  Our company also produces 
coatings for biomedical devices such as bone screws, fixation devices, and bone spacers. 
Liguore Laboratories uses special coating techniques to apply a full range of coatings to 
orthopedic and biomedical implants made by several manufacturers around the world.  The 
coatings include titanium, hydroxyapatite, alumina/titania, gold, calcium phosphate, and 
other metal alloys.  Our company has met and exceeded all industry and health standards for 
the United States and Europe.  One of our more recent developments is the use of gold to coat 
bone screws.  Liguore Laboratories scientists found that gold, when heated, makes a smooth 
surface coating for implants.  The screws coated with smooth gold had more compatibility 
with the body than bone screws coated with stainless steel.   
Research about coatings for artificial hip replacements is a new project for our company.  
Recently a physicist from University of Alabama, Birmingham named Dr. Yogesh Vohra 
accidentally produced smooth diamond.  When making manmade diamond crystals in a 
laboratory, the gas reactor sprang a small leak and let air into the mixture.  Nitrogen from 
the air reacted with the carbon of the diamond.  The diamond mixture created was smooth 
and adhered very easily to metal.  Because diamond is durable, it makes a very good 
candidate for coating artificial hip replacements.  The current coatings wear down or loosen 
from constant use after about 10 years, which could mean more surgery for the recipient.  
The diamond coating is projected to last around 40 years which would improve the comfort 
and health of the patient. 
Liguore Laboratories is on the cutting edge of technology in the biomedical coatings industry.   
Our mission is to create medical device coatings that provide performance and durability. 
Questions to Get You Started: 
1. What does Liguore Laboratories do? 
2. Why is gold used to coat bone screws? 
3. Who will benefit from the discovery of a way to make smooth diamond coatings?.  
Model-Eliciting Activity - Part A 




© 2008 University of Minnesota                   Nano-Roughness Model Eliciting Activity 7 
Atomic Force Microscope (AFM) Background Information 
Topographical Maps 
Below is a topographical map of Colorado.  As you look at the map, keep in mind that 
the Rocky Mountains are in the western part of Colorado.  The key to the right of the 
map provides information on how high the terrain is above sea level.  Notice that the 
peaks of the mountains are the lightest white and pink shades and the valleys between 
the mountains and the plains are the darkest green shade.  
 
 
Model-Eliciting Activity - Part A 
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Smooth Diamond Images 
The images that the Atomic Force Microscope produces are like topographical maps.  
The color of the image represents the height of the material. The lighter parts of the 
image are higher. The two images are images of smooth diamond from Dr. Vohra’s lab.  
Image A is a 3-dimensional side-view of the diamond sample. The bar on the right 
indicates the height of the diamond surface. Image B (on the next page) is a top-view 
image of the diamond. Remember that nanometers are very small. One nanometer is 
10-9 of a meter or one billionth of a meter. The human eye can only detect things that 
are bigger than 100 nanometers.  An Angstrom is a unit of measurement that is 
approximately the size of one atom. 
Image A 
 
Model-Eliciting Activity - Part A 
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Image B 
Remember that:  
μm stands for micrometers (1 μm = 10-6 m) 
nm stands for nanometers (1 nm =  10-9 m) 
Å   stands for Angstroms (1 Å = 10-10 m) 
 
Model-Eliciting Activity - Part A 
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More Questions to Get You Started 





2. a. Approximate in nanometers the height of highest point and the lowest point in 




 b. Approximate where the highest point and lowest point are located in image A. 
 





4. Give an example of something for which the amount of roughness matters.  In your 
example, why does the amount of roughness matter? How might you measure the 
roughness (or lack of roughness) of this object? 
 
 
Model-Eliciting Activity - Part B 





Interoffice Memo: Liguore Labs 
 
To: Nanosurface Team 
From: Kerry Prior, Vice President 
RE: Surface roughness 
 
Liguore Laboratories would like to expand our product line to include diamond coatings 
for hip joints as described in the company profile.  Our research laboratory is working on 
replicating the smooth diamonds.  In order for the scientists to know if their process is 
working, they need a procedure to measure the roughness of the diamond coatings using 
images from a very high powered microscope called an Atomic Force Microscope (AFM).   
An AFM allows us to make images of a material at the atomic level. This means we can see 
individual atoms that make up diamond, gold, or other materials.  
 
Since we have experience with gold coatings and have many images available, we can use 
these images to develop our procedure.  Attached are two atomic force microscope (AFM) 
images of the gold we have been using to coat bone screws.  Your team needs to create a 
procedure using these images to measure the roughness of the gold.  Your team must 
generate a description of how the process works by applying the procedure to the two AFM 
images of gold.  With this procedure in place, our research team will be able to measure the 
roughness of the diamond samples as they are produced.  
 
Please reply in a memo with the following information: 
 The series of steps that can be used to measure roughness of the material using 
printed copies of the AFM images 
 A description of how the procedure works when applying it to gold samples A and B 
that are attached to this memo. 
 
Thank you for your team’s efforts in this undertaking.  The growth of our product line is an 
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Use the following images to create your procedure for measuring roughness.  The two 
images (Samples A and B) are top-view images of gold.  The colorbar on the right indicates 










Model-Eliciting Activity - PreReading 
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Atomic Force Microscopy (AFM) 1Please read the following description of Atomic Force 
Microscopy and answer the following questions in your own words. 
a. What are the three modes of the AFM, and what are the advantages/disadvantages of 
each? 
b. What is the AFM resolution limit?   
c. What causes the resolution limit? 
 
The primary purpose of Atomic Force Microscopy (AFM) is to quantitatively measure nano-
scale surface features with a nominal 5 nm lateral and 0.01 nm vertical resolution on all 
types of samples.  The resolution is limited because of the shape of the cantilever tip that is 
drawn over the sample to measure the surface features.  A sharper tip leads to better 
resolution; differences in tip sharpness and resolution are demonstrated in Figure 1.  
Depending on the AFM design, scanners are used to translate either the sample under the 
cantilever or the cantilever over the sample. (That is, the cantilever tip can be drawn over 
the sample or the sample can be drawn under the tip).  By scanning, the local height of the 
sample is measured.  The cantilever can be used in three different ways.  The most common 
way is contact mode, where the cantilever tip is brought into direct contact with the sample 
surface.  Non-contact mode prevents electrical and frictional damage.  A tapping mode 
yields the highest resolution, but damages the surface.  These modes are demonstrated in 
Figure 2.  Three-dimensional topographical maps of the surface are then constructed by 
plotting the local sample height versus horizontal probe tip position.   
So, AFM can provide position information based on the surface height of a solid; and thus, 
the nature of the interatomic bonding of the specimen is resolved.  The interatomic 
bonding, in turn, yields information about the molecular or atomic characteristics of the 
specimen surface.  Because of this, AFM can be used to image surfaces with atomic 
resolution as well as surface forces at nano-Newton scales.   
A sharpened tungsten needle is used as a probe.  The tungsten needle is used to monitor 
the force between the needle and a specimen surface over which the needle is scanned.  
Scanning is accomplished by varying the voltage of the tip of the needle with respect to the 
specimen.  As the needle approaches the surface, it experiences an initial attractive force 
(polarization forces), which is replaced by a repulsive force as the needle makes physical 
                                                        
1 References:   
Atomic Force Microscopy:  http://www.chembio.uoguelph.ca/educmat/chm729/afm/firstpag.htm  
Last Accessed: 10/20/2003   
Brandon, D. and Kaplan, W.  Microstructural Characterization of Materials., 1999 John Wiley & Sons 
Ltd.  p. 18 
Model-Eliciting Activity - PreReading 
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contact with the specimen.  Scanning over the surface at constant displacement (at a 
constant height), and monitoring the changes in the attractive force yields a scanned image 
in which molecular resolution is readily obtained and where atomic resolution has also 
been claimed.    
Comparison of AFM to Other Common Techniques: 
Scanning Electron Microscopy can provide resolution of images up to 0.2 nm.  Images are 
viewed from a strictly top down perspective.  Topographical information can be obtained by 
examining differences in contrast (shading) of the sample.  By comparison, AFM provides much 
better topographic contrast because images are resolved in three dimensions.  Direct height 
measurements are taken and unobstructed views of surface features can be resolved. 
 
Optical Microscopy provides topographical information based on light being reflected 
outside of an objective lens (resolved as dark) or inside an objective lens (resolved as 
light).  Resolved surface features are thus based on directions that light bounces off the 
sample surface.  By comparison, AFM provides unambiguous measurement of step heights, 
independent of reflectivity differences between materials.   
 
Figure 1: Interaction between a sharp tip and a surface feature of a sample, showing 
the resolution limit of the AFM.  (The top, thin, line is the output of the AFM.  Note the 
shallower depth of the same well for the wider tip.) 
 
A B C 
 
Figure 2: Three modes of the AFM: (A) contact, (B) non-contact, and (C) tapping.  
The AFM outputs are shown below each diagram.  The black arm represents the 
cantilever beam, and the triangle represents the probe tip.
Nano-Roughness    
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OBSERVATION FORM  - Nano-Roughness MEA 
 
Team: _______________________________________  
 
Engineering Concepts Used:  




Team Interactions:  




Data Organization & Problem Perspective:  
How did the students organize the problem data? How did the students interpret the task? What perspective 


















Cycles of Assessment & Justification:  
How did the students question their problem-solving processes and their results? How did they justify their 
assumptions and results? What cycles did they go through? 
Nano-Roughness    
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PRESENTATION FORM – Nano-Roughness MEA 
Name________________________________________________ 
While the presentations are happening, choose TWO teams to evaluate. Look for things that you like about 
their solution and/or things that you would change in their solution.  You are not evaluating their style of 
presenting. For example, don’t write, “They should have organized their presentation better.” Evaluate their 
solution only. 
Team ___________________________________    
Strengths of their solution: 
 
 
Weaknesses of their solution: 
 
 
Team ___________________________________  
Strengths of their solution: 
 
 
 Weaknesses of their solution: 
 
 
After seeing the other presentations, how would you change your solution?   If you would 
not change your solution, give reasons why your solution does not need changes.  
Nano-Roughness    
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1. Please mention the mathematical and scientific “big ideas” and skills (e.g. ratios, proportions, forces, etc.) 







2. Think about how related these big ideas and skills are in your solution. In the space below, draw a map or a 
diagram of the big ideas and skills used in your solution, but arrange the ideas so that those ideas and skills 











3. After solving this activity, circle the score that best describes how well you understand the mathematical 
and scientific ideas you used. 
 
Not at all   A little bit   Some   Most of it   All of it 
   







4. How difficult do you think this activity was?   Circle your choice. 
 
Easy         Little challenging  Somewhat challenging  Challenging   Very Difficult 
 






5. After seeing all of your classmates’ presentations, what do you think would be the best way for your client, 
the company, to quantify and evaluate roughness? 
 
